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Heterogeneous Catalysis: Effect 
of an Alternating Electric Field 
A bstract. Oxidation of carbon mon-
oxide was studied in a static reac tor 
at 123 ° ± J 0 C. with N iO as catalysr. 
A n alternating electric fi eld of abo ut 
22 ,000 volts per centimeter, peak to 
peak, was applied normal to th e cnta-
ly tic surfaces. Th e rate o f oxidation 
was there by enhanced hy a factor o f 
6 at I 00 cycles per second, with max i-
mum enhancem ent at between JOO and 
200 cycles per second. 
I studied the oxidation of carbon 
monoxide in a static reactor contain-
ing 20 plates of grade-A nickel , 5.08 cm 
in diameter, oxidi zed by controlled 
oxidation to a thickness of about 1 /J, 
NiO ( 1). The plates were separated 
by ceramic spacers- I-mm-thick rings. 
An a-c electric field of 22 ,000 volts / cm . 
peak to peak, was applied between the 
plates. At frequencies ra nging from 50 
to 300 cy I sec, the field consisted of a 
smooth sine wave (Fig. I ) . The reac-
tor was totally enclosed in a thermo-
stat controlled at 123 ° :±: 1 °C. The re-
actant gases, air a nd CO, h ad been 
dried by passage throu gh dr yin g tubes 
containing SA mo lecul a r sieve of 30 
m es h ; th ey we re mi xed befo re ente ring 
the reactor. T he fe ed contained 0.02 8 
perce nt COc and 5.2 pe rce nt CO (hoth 
by volume) ; th e ba la nce was air. A ft e r 
purge of the reac to r fo r 4 h o urs a t a 
flo w rate of 96 cm / min , the reactant 
mi xture was trapped in th e reactor at 
a press ure of 12.5 cm water above 
atm os phe ri c . 
Co mpositi o ns of CO and a ir we re 
de termined by m easurem e nts o f fl ow 
ra tes w ith two calibrated Ma th eso n-
6 10 flo w m ete rs . A ft e r a react ion pe-
riod of from 19 to 68 hours, th e re-
sultant gaseous mi xture w as an a lyzed 
for COc co ntent by a gas chromato-
gra ph us ing a s ili ca-gel co lumn ; th e 
a rea und e r the gas-chrom a togra phic 
curve was dete rmined w ith a plani-
mete r. with a n estim a ted poss ibl e e rror 
of up to 0 .01 percent (b y volume) 
C Oc. Table I summari zes th e data. 
N et co nve rs ion of CO to C Oc was 
the difference be tween C Oc concentra-
tions in the gaseous mixture before and 
a fter the reaction (F ig. 2) . F or the 
runs without el ectric field (runs 4 / 5 , 
4/ 6, and 4/ 12: T able I). the re lati o n 
was linear between the a mount of C O 
con ve rted to C O" and the res ident tim e 
of the reacti ve mixture ; this fact may 
suggest a zero-o rder reaction. However, 
since the cha nge in C O concentration 
was relati vel y small , the order of the 
reaction cannot be asserted with cer-
taint y . 
The net conversion to C Oc during 
19 hours in the reactor is plotted in 
Fig. 2 as a function of the a-c field fre -
quency a t a constant peak-to-peak field 
of 22 ,000 volts / cm. Apart from high -
frequency di stortions at 400 cy/ sec, the 
field was a smooth sine wave . The en-
hancement of the rate of oxidation of 
CO does not reflect the hea ting effects 
of the a-c circuit because the capacitor 
Table 1. Oxid ations of CO to CO, during eight runs. PP , peak to peak. 
Run 
4 / 5 
4/ 6 
4/7 
4 / 8 
4/ 9 
4/12 
4/ 13 
4/14 
Duration 
(hr) 
67 
19 
19 
19 
19 
68 
19 
19 
Field , PP 
(volts/ cm) 
none 
none 
22,000 
22,000 
22 ,000 
none 
22,000 
22,000 
* Wa ve fo rm contained hi gh-frequ ency disto rtio ns. 
Frequency 
(cy/ sec) 
50 
100 
200 
300 
400 
CO. (vol % ) 
ln Net 
residue conversion 
0.168 0 .140 
.060 .032 
.195 .167 
.230 .202 
.215 ,186 
. 175 .147 
.138 . 110 
.138''' .110 
F ig. I. Osc ill osco pe di spl ay o f the sinuso i-
da l el ectr ic fi e ld appli ed bet wee n th e 
N iO ca talyti c surfaces . Scal es : ho ri zo nt al, 
0.5 milli second per di vision ; ve rtica l, 500 
vo lts pe r di vision. 
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F ig. 2. N et increment (percentage by 
volume) of CO aft e r 19 hours in the 
reactor at 123 ° :±: 1 °C and at a pressure of 
12.5 cm wa ter above atmospheric. Open 
circle , with no field applied on the NiO 
ca talyst; so lid circles, with sinusoida l e lec-
tric field appl ied. C ps, cycles per second. 
pl a tes , serving as ca tal yst , were the 
only part of the circuit in the reacto r . 
A fortiori , the temperature of the re-
actor was automaticall y controlled at 
123 ° :±: I °C during all experiments. 
The fact that the rate of reaction 
was maximum at between I 00 a nd 200 
cy/ sec may imply that the res ident time 
of the adsorbed species is of the order 
of 5 to 10 msec . The n a ture of the 
adsorb a te and the reaction mechanism 
remain to be determined. 
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D epartment of Chemical E ngineering, 
V niveristy of Missouri, Columbia 
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